What is the chance of clinical pregnancy when fallopian tube catheterization is used for proximal tubal obstruction?
Introduction
Between 10 and 15% of all women seek IVF in the UK due to tubal infertility (HFEA, 2016) . This may be caused by pelvic inflammatory disease, endometriosis, salpingitis isthmica nodosa, polyps and surgical trauma (Honoré et al., 1999) . Due to high false positive rates after hysterosalpingography (HSG), laparoscopic chromopertubation is considered the gold standard for assessing tubal patency as it allows identification of the site and nature of tubal disease (Swart et al., 1995) .
Previous laparotomy and tubal microsurgical techniques used to treat proximal tubal obstruction have largely been replaced by tubal catheterization, which is easier to carry out, is far less invasive and can now be implemented under the guidance of hysteroscopy, laparoscopy, fluoroscopy, ultrasonography, touch or as a combination of these methods (Chung et al., 2012) . Tubal catheterization involves the use of a fine catheter, balloon or guide-wire inserted into the fallopian tube from the tubal ostium to unblock any occlusion. Reported clinical pregnancy rates after tubal catheterization thus vary between 13.3 and 55.0% (Hou et al., 2014) .
With the emergence of ARTs, most notably IVF, tubal catheterization is now not commonly performed (Thurmond, 2008) . In the absence of controlled studies directly comparing the reproductive outcomes of tubal catheterization versus IVF in the treatment of proximal fallopian tubal blockage, guidance in the UK states that there is insufficient evidence to suggest that tubal catheterization is effective in treating proximal tubal obstruction (NICE, 2004) . Despite an increasing proportion of patients diagnosed with proximal tubal occlusion being directed straight to IVF, couples in the UK have limited access to government-funded IVF treatment which itself can be associated with risks such as ovarian hyperstimulation syndrome and multiple pregnancy. In light of this, this study aims to investigate the pregnancy rate in women who undergo tubal catheterization for the treatment of infertility due to proximal tubal obstruction.
Materials and Methods

Search criteria
The study population consisted of women with proximal tubal obstruction who were referred for tubal catheterization in order to achieve clinical pregnancy. The primary outcome was clinical pregnancy and secondary outcomes included live birth, ectopic pregnancy and miscarriage.
Systematic literature searches were performed in MEDLINE, EMBASE and the Cochrane Central Register of Controlled Trials from inception to October 2016. The search strategy was developed on the following keywords and/or medical subject heading (MeSH) terms: fallopian tube disease, female infertility, catheterization and pregnancy. No language restrictions were applied in the search.
Study selection
Inclusion and exclusion criteria were established prior to the literature search. Study selection was carried out by two independent reviewers (P.M.D. and J.J.C.). Firstly, the titles and abstracts were scrutinized by the independent reviewers and a decision was made for inclusion or exclusion. The full manuscripts of the titles and abstracts considered to meet the inclusion criteria were retrieved. Any disagreements regarding selection were resolved by a third reviewer (I.D.G.). The full manuscripts retrieved were then examined, with those considered relevant used for the final systematic review and meta-analysis. Further hand searching was carried out in the reference lists of the included studies.
Studies that reported pregnancy without stating location (intrauterine or extra-uterine) were excluded. Where a study reported any patient to have more than one single reproductive outcome, for example two intrauterine pregnancies, this was counted once and if we were unable to confidently attribute each reproductive outcome to each patient, the study was excluded. Studies that reported outcomes following iatrogenic causes of tubal occlusion were not included. It must be emphasized that selective salpingography is a different procedure to tubal catheterization as both procedures can achieve tubal patency when performed on their own; if a study population had selective salpingography alone but no tubal catheterization, then such patients were excluded, as the focus of our review was to establish the effectiveness of tubal catheterization.
Studies that reported the insertion of any instrument past the cornua and into the proximal fallopian tube to restore tubal patency (except for falloposcopy; involving the use of a micro-endoscope passed into the Total number of citations retrieved from electronic searches; n = 2195
Full manuscripts retrieved for detailed assessment; n = 55
Primary manuscripts included for systematic review and meta-analysis; n = 27
Articles excluded after review of full manuscripts and reasons for exclusion (n = 28): Severe adhesions + adhesiolysis (n = 6) Endometriosis *indicates that a feature is present. X indicates that a feature is absent. However for comparability by design or analysis this checklist awards the maximum of two stars (**), one (*) or none if the feature is completely absent (x).
fallopian tube) were incorporated under the umbrella term of tubal catheterization and therefore included in this study.
Validity assessment
In order to assess for study validity, the Newcastle-Ottawa Quality Assessment Scale for observational studies was used. This scoring system awards either zero or one star for all categories except comparability where a maximum of two stars can be awarded. This was used to give a quantitative evaluation of the overall quality of the individual studies. Even though there are nine categories, we decided to exclude the category 'selection of the non-exposed cohort' as all patients included in the studies were exposed to the intervention being investigated. This therefore led to a score of 0-8 for each study.
Statistical analysis
Statistical analysis was performed to pool clinical pregnancy, live birth, ectopic pregnancy and miscarriage rates from each study. The log of the ratio and its corresponding standard error for each study were computed. Meta-analysis using inverse-variance weighting was performed to calculate the random-effects summary estimates. Heterogeneity of the treatment effects was assessed graphically with forest plots and statistically analysed using the chi-squared test. Statistical analyses were performed using Stata 12.0 (StataCorp, College Station, TX, USA). Studies where outcomes were reported as 0 were meta-analysed as 0.25 in order to provide a valid plot for use and thus, weighting in the meta-analysis (such outcomes are marked by 0* in the meta-analysis figures). Lastly, we performed a stratified analysis, splitting studies according to disease laterality, method of diagnosis and method of guidance of tubal catheterization.
Results
The PRISMA flow diagram, showing the systematic review process, can be found in Fig. 1 . The search yielded 2195 publications, of which Overall (I-squared = 49.2%, p = 0.002)
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Confino 1988 Deaton 1990 Lang 1996 Woolcott 1995 Seyam 2016 Confino 1990 Houston 1998 27 studies fulfilled the inclusion criteria. Whilst no language restrictions were in place in the search, studies that reported their main text in a foreign language were excluded due to the inability to ascertain specific detail regarding their methodology.
Study characteristics
Study characteristics of the 27 included studies are presented in Table I bilateral tubal blockage and one study exclusively reported outcomes in women with unilateral tubal blockage. In all, 26 studies reported the method of diagnosis used to confirm tubal obstruction before catheterization was carried out; 15 studies used HSG alone and 11 studies reported the use of laparoscopy (either alone or in conjunction with HSG or sono-HSG). One study failed to mention its method of diagnosis.
Seven studies performed tubal catheterization under hysteroscopic and laparoscopic guidance and 16 studies performed tubal catheterization under fluoroscopic guidance (10 of which performed selective salpingography beforehand). Other methods and combinations of methods under which tubal catheterization were carried out are listed in Table I. In all, 23 studies provided cumulative pregnancy rates between 1 and 112 months, with as many as 21 studies providing cumulative pregnancy rates between 1 and 48 months.
The results of the Newcastle-Ottawa Quality Assessment are given in Table II . All studies scored between five and seven, out of a total of eight.
Clinical pregnancy
Clinical pregnancy rates
In all, 26 out of 27 studies reported clinical pregnancy rate as an outcome. The meta-analysis showed a pooled clinical pregnancy rate of 27% (95% CI 25-30%) after the use of tubal catheterization for unilateral or bilateral proximal tubal obstruction (27 studies, 1556 patients) as shown in Fig. 2. There was a substantial level of heterogeneity between these studies with an I 2 value of 49.2% (P = 0.002).
Cumulative clinical pregnancy rates
In women undergoing tubal catheterization, meta-analysis of clinical pregnancy rates demonstrated that the cumulative clinical pregnancy rates were 22.3% (95% CI 17.8-27.8%) at 6 months (10 studies, 393 patients), 25.8% (95% CI 21.1-31.5%) at 9 months (11 studies, 415 patients), 26.4% (95% CI 23.0-30.2%) at 12 months (15 studies, 811 patients), 26.0% (95% CI 22.8-29.7%) at 18 months (17 studies, 915 patients), 27.0% (95% CI 24.0-30.5%) at 24 months (18 studies, 1069 patients), 27.9% (95% CI 24.9-31.3%) at 36 months (19 studies, 1106 patients) and 28.5% (95% CI 25.5-31.8%) at 48 months (21 studies, 1204 patients), as shown in Fig. 3 . We did not identify a statistically significant increase in clinical pregnancy rates despite an increasing trend starting from 6 months up to 48 months of follow-up (P = 0.584).
Clinical pregnancy rates in patients with bilateral proximal tubal obstruction
We analysed the studies that exclusively reported outcomes in women with bilateral proximal tubal obstruction separately. The pooled clinical pregnancy rate from the 14 studies (617 patients) reporting outcomes in women with bilateral proximal tubal occlusion was 27% (95% CI 23-32%) as shown in Fig. 4 . There was a moderate level of heterogeneity between these studies with an I 2 value of 44.0% (P = 0.039). 
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Method of diagnosis of proximal tubal obstruction
Women diagnosed by HSG alone (15 studies, 982 patients) showed a pooled clinical pregnancy rate of 24% (95% CI 21-27%) and diagnosis by laparoscopy (either alone or in conjunction with HSG or sono-HSG) (11 studies, 521 patients) showed a pooled clinical pregnancy rate of 32% (95% CI 28-38%) post-catheterization, as seen in Fig. 5 . A moderate degree of heterogeneity existed between the studies of these two groups with an I 2 value of 48.7% (P = 0.018) and 28.1% (P = 0.177), respectively. The difference in pregnancy rates between these two groups was statistically significant (P = 0.003).
Method of guidance of fallopian tube catheterization
Patients were grouped into the main categories under which tubal catheterization was carried out; as seen in Fig. 6 . Patients who underwent tubal catheterization under hysteroscopic-laparoscopic guidance (8 studies, 410 patients) showed a pooled clinical pregnancy rate of 31% (95% CI 26-37%). A moderate level of heterogeneity existed between these studies with an I 2 value of 33.1% (P = 0.163).
Patients who underwent catheterization via fluoroscopic guidance (16 studies, 992 patients) reported a pooled clinical pregnancy rate of 26% (95% CI 23-29%), where a moderate level of heterogeneity was found with an I 2 value of 58.6% (P = 0.002) between these studies. The difference in pregnancy rates between these two methods was not statistically significant (P = 0.596).
Live birth
Fourteen studies (551 patients) reported the outcome of live birth. The pooled live birth rate was 22% (95% CI 18-26%) as shown in Fig. 7. There was a low level of heterogeneity between these studies with an I 2 value of 10.4% (P = 0.339).
Ectopic pregnancy
Twenty-seven studies (1556 patients) reported the outcome of ectopic pregnancy. Figure 8 shows that the pooled ectopic pregnancy rate was 4% (95% CI 3-5%). There was a low level of heterogeneity between these studies with an I 2 value of 11.9% (P = 0.288).
Miscarriage
The pooled miscarriage rate (16 studies, 659 patients) was 6% (95% CI 4-8%). Confino 1990 Mekaru 2011 Chung 2012 Maikis 2000 Rawal 2005 Gleicher 1994 Isaacson 1992 Hayashi 2003 Confino 1988 
Discussion
This systematic review and meta-analysis shows that in women with proximal fallopian tube occlusion, the chance of achieving a clinical pregnancy after tubal catheterization is 27%. Furthermore, the chance of achieving a live birth is 22%. The chance of a woman having an ectopic pregnancy is 4%. Despite the expectation that women with unilateral (and thus, milder) disease would have a more favourable outcome, the pooled clinical pregnancy rate after tubal catheterization for bilateral proximal tubal obstruction was also 27%. Cumulative pregnancy data showed a plateau in clinical pregnancy rates 6 months after the procedure. This is the first meta-analysis to combine all relevant studies regarding reproductive outcome after tubal catheterization. The search strategy encompassed all definitions of tubal catheterization and a robust data extraction and analysis technique was implemented. The Newcastle-Ottawa Quality Assessment Scale rated the included studies satisfactorily.
Included studies spanned publication dates over more than two decades, from 1988 to 2016, comprising non-comparative series with significant clinical heterogeneity in population size, characteristics, follow-up and surgical equipment, techniques and experience, resulting in a wide range of reproductive success. This does not necessarily disadvantage our study, as heterogeneity increases the wider applicability of our findings. There is also inevitably a degree of publication bias, with only authors that achieved a high clinical pregnancy rate publishing their data for inclusion into this systematic review. In addition, one must also question how many women that underwent tubal catheterization would have achieved natural pregnancy without any form of tubal surgery. Many women were found to have a combination of factors outside tubal obstruction leading to infertility, as stated in Table I . Unfortunately, not enough studies compared their pregnant and non-pregnant populations in one or more characteristics outside disease laterality in order to comment on other parameters that influenced pregnancy rates. In addition to those that underwent laparoscopic treatment of distal disease, 8 studies reported the use of ovulation induction regimes and/or IUI. This is an important point to consider when interpreting our metaanalysis as this in fact increases the applicability of our results to patients who are found to have concurrent factors contributing to infertility in addition to their proximal tubal obstruction.
In 12 studies that did not provide specific cumulative data, all pregnancies were attributed to the final month of follow-up, leading to a delay of reported outcomes. In addition, the true natural pregnancy rate achievable with fallopian tube catheterization is likely to be higher than our results indicate, as most of the included studies stopped follow-up after a specified period of time, and natural pregnancy may have been achieved after this duration had elapsed.
One would have expected that in studies where diagnosis of tubal obstruction was achieved by HSG alone, there would be higher pregnancy rates (due to the associated high false positive rate) compared with laparoscopic chromopertubation (Mol et al, 1999) . It was therefore interesting to see a statistically significant increase in clinical pregnancy rate following tubal catheterization for occlusion diagnosed by laparoscopy (either alone or in conjunction with HSG or sono-HSG), compared with HSG alone. This may be explained by distal factors (e.g. adhesions, endometriosis and hydrosalpinges) contributing to infertility that could not be identified, and subsequently corrected, in those undergoing HSG or sono-HSG. This explanation also fits in with the fact that, although not statistically significant, patients who underwent catheterization under hysteroscopic-laparoscopic guidance had a higher clinical pregnancy rate compared with those who underwent catheterization under fluoroscopic guidance.
The clinical pregnancy rate after IVF in 2014, in the UK, was 36.3% (HFEA, 2016) . This is a pooled mean percentage referring to patients of all ages and all causes of infertility who underwent treatment with their own fresh eggs. Although this figure is quoted for clinical pregnancy per cycle started, it is not considerably greater than our pooled clinical pregnancy rate of 27% after tubal catheterization for proximal tubal occlusion.
Whilst our systematic review and meta-analysis suggests 6 months as the minimum time period a patient should attempt natural pregnancy for post-catheterization before using IVF, further research is needed not only to consolidate or challenge this optimal time period and to define the optimal method of tubal catheterization but also to identify particular patient sub-groups that would benefit the greatest from fallopian tube catheterization.
